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REMOVING LPG-COMPONENTS. FROM A GASEOUS NATURAL GAS STREAM 

The present invention. relates to removing LPG- . 
components from; a gaseous natural gas stream. In the 
specification and the claims the term LPG-components is 
used to refer to. those gaseous hydrocarbons that can be 
liquefied under relatively low pressure and at ambient 
temperature. Examples of LPG-components are propane and 
the butanes. These components are sometimes called 
natural gas liquids. 

The LPG-components are removed, because they have an 
economic value and because removing the LPG-components 
reduces the heating value of the natural gas stream. 

By way of example we give a molar composition of a 
natural gas stream from which the LPG-components are to 
be removed: methane 8 6 mol%, ethane 6 mol%,. propane 
4 mol%, butane plus 1 mol%, and the balance is formed by 
other components, such nitrogen, carbon dioxide and. 
helium. 

The present invention relates in particular to 
removing such LPG-components from a natural gas stream at 
elevated pressure/ for example at pressures greater than 
3 MPa and less than the critical pressure of the natural 
gas, which is about 7 MPa. 

A method for removing LPG-components from a natural 
gas stream is disclosed in USA patent specification 
No. 5 325 673. This publication discloses a method of 
pre-treating a natural gas stream for liquefaction by 
removing freezable components, comprising the steps of: 
a) introducing a natural gas feed stream into a scrub 
column having upper enriching and lower stripping . 
sections; 
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b) contacting the feed stream with a liquid reflux 
stream introduced into the upper enriching section of the 
column to absorb Cs + hydrocarbons from the feed stream; 

c) recovering an overhead vapour product containing 
'5 C2-C4 hydrocarbons and having a concentration of less 

than about 1 ppm Cg + hydrocarbons; 

d) reboiling a portion of liquid in the lower section of 
the column to strip lighter hydrocairbons from the feed 
stream; 

10 e) recovering a liquid bottom product enriched in C5+ 

hydrocarbons; and 

f ) operating the column to obtain the C2-C4 hydrocarbons 
primarily in the overhead product. 

The known process is directed to obtaining an 
15 overhead product that has a very low concentration of 

Cg* hydrocarbons, however, the overhead product still 
contains considerable amounts of ethane, propane and 
butanes . 

The present invention provides a method for removing 
20 LPG-components. from a gaseous natural gas stream wherein 

high-pressure separation is obtained, which has a high 
propane recovery and a high rejection of methane and 
ethane- Moreover it. is an object of the present invention 
to provide a method of removing LPG-components in which 
25 no reboiler is needed. 

To this end the method of removing LPG-components 
from a gaseous natural gas stream at elevated pressure to 
obtain a gaseous product stream having a reduced content 
of LPG-components according to the present invention 
30 comprises the steps of: 

(a) cooling the natural gas stream; 

(b) introducing the cooled natural gas stream into the 
bottom of a scrub column that has a lower stripping 
section and an. upper absorption section, each section 

35 containing at least one theoretical stage; 
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(c) allowing natural gas to rise, through the scrub 

• column, and removing from the top of the scrub column an 
overhead stream; 

(d) partly condensing the overhead stream, and separating 
5 the partly condensed overhead stream into a gaseous 

stream having a reduced content of LPG-components and a 
liquid reflux stream, and removing the. gaseous stream as . 
the gaseous product stream having a reduced content of 
LPG-components ; 

10 (e) splitting the liquid reflux stream into a first 

reflux stream and a second reflux stream; 

(f) introducing the first reflux stream into the top of 
the absorption section of the. scrub column; 

(g) introducing the second reflux stream into the top of 
15 the stripping section to strip the desired light gaseous 

components; and 

(h) removing from the bottom, of the scrub column a liquid 
bottom stream rich in heavier components. 

Suitably the method according to the present 
20 invention further comprises introducing hydrocarbon 

liquid into the top of the absorption section. 

The invention will now be described by way of example 
in more detail with reference to the accompanying 
drawing, which shows schematically a flow scheme of the 
25 method according to the present invention. 

A gaseous natural gas stream including LPG- 
components , which is essentially free from acid gases, is 
supplied via conduit 1 to a heat exchanger 2 in which the 
stream is partly condensed. Partly condensed natural gas 
30 is supplied through conduit 3 into the bottom of a scrub 

column 6. The pressure of the natural gas entering into 
the scrub column is between 3 and about 7 MPa, and the 
temperature is between 0 and -20 9 C. 

The scrub column 6 operates at the pressure at which 
35 the natural gas is supplied. The scrub column 6 comprises 



two sections, a lower stripping section 7 and an upper 
absorption section 8 separated from the stripping 
section 7 by an interval 9. The stripping section 7 
comprises between 1 and 4 theoretical stages and the 
absorption section 8 comprises between 4 and 
10 theoretical stages. The theoretical stages can be 
provided by contacting trays or by a suitable packing 
material . 

The gaseous fraction of the natural gas stream is. 
allowed to rise in the scrub column 6 through the 
stripping* section 7 arid/ the absorption section 8. The 
liquid fraction of the natural gas stream is removed from 
the scrub column 6 through a conduit 10. 

From the top of the scrub column 6 is removed through 
conduit 12 an overhead stream having a reduced content of 
LPG-components. The overhead stream is partly condensed 
in heat exchanger 14, and separated in separation 
vessel 17 into a liquid stream and a gaseous product 
stream. The gaseous product stream is removed from the 
separation vessel 17 through conduit 20 and passed to a 
plant for liquefying the gaseous product stream (not 
shown). The liquid stream is removed through conduit 21. 
The temperature of the partly condensed overhead stream 
is in the range of from -25 to -65 °C, and the amount of 
liquid in the partly condensed overhead stream is between 
10 and 35 mol% based on the total overhead stream. 

Part of the liquid stream is introduced through 
conduit 22 as a first reflux stream into the top of the 
scrub column 6 above the absorption section 8 as an 
absorbent .. The liquid is brought in the absorption 
section 8 in counter-current contact with, the gas from 
the stripping section 7. Components heavier than methane 
are removed from the gas by the first reflux stream 
acting as an absorbent. 
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The remainder of the liquid stream is introduced 
through conduit 23 as a second reflux stream into the 
scrub column 6 in. the interval 9 above the stripping 
section 7. In the stripping section 7, the second reflux 
5 stream and the liquid descending from the absorption 

section 8 are brought into counter-current contact with 
the rising gaseous fraction of the natural gas stream. 
The gaseous fraction strips the light components (methane 
and ethane) from the liquid stream. The liquid stream 
10 having a low concentration of light components is then 

removed from the bottom of the scrub column 6 through 
conduit 10 . 

Suitably,, the amount of second reflux stream in the 
conduit 23 is between 30 and 50 % by mass of the liquid 
15 stream that is removed from the separator vessel 17. 

In addition hydrocarbon liquid can be introduced into 
the top of the absorption section 8 through conduit 25. 
The amount of this additional absorbent is suitably 
between 1 and 4 times the amount of liquid supplied 
20 through conduit 22. The additional absorbent suitably 

consists of butane plus components. 

Suitably, the liquid bottom stream removed through 
conduit 10 is introduced into the top of a stripping 
column (not shown) to strip gaseous components from the 
25 liquid bottom stream. The stripped gaseous components can 

be added to the gaseous product stream. 

. The invention will now be described by way of example 
with reference to three calculated examples. In the first 
example,, not according to the present invention, only the 
30 reflux through conduit 22 is supplied to the top of the 

scrub. column 6. In the second example, according to the 
present. invention, reflux is supplied through. conduits 22 
and 23; and in the third example, according to the 
present invention, additional hydrocarbon liquid is 
. 35 . supplied through conduit 25. The conditions. for each 



example have been so selected as to maximize the recovery 
of LPG-components . 

In the examples, the scrub column contains eight 
theoretical stages. In the two examples according to the 
present invention, the stripping section 7 contains two 
theoretical stages and the absorption section 8 contains 
six theoretical stages. 

The results are summarized in the below Tables 1-8. 

In the tables the molar flow rates are in kmol/s, the 
mass flow rates are in kg/s, the temperatures are in °C, 
the pressures are in MPa (absolute) ; and the molar 
composition is in mol%. The butane plus components are . 
butane, iso-butane, pentane, iso-pentane, hexane and 
heptane. The other components mentioned in the 
composition are water, nitrogen, hydrogen sulphide, 
carbon dioxide and helium. 



- 7 - 



Table 1 . Data on partly condensed feed supplied through 
conduit 3. 



Stream 3 


Example 1, 
Not according 
to. the 
invention 


Example 2, 
According to 
the invention 


Example 3, 
According to . 
the invention 


Molar flow 
rate 


7.90 


7.55 


7.73 


Mass flow 
rate 


155. 


142 


145 


Temperature 


0 


-5 . 


-5 


Pressure 


5.6 


5.8 


6.0 


Molar 

composition 








Methane 


0.862 


0.882 


0.882 


Ethane 


0.064 


0.062 


0.062 


Propane 


0.042 


0.036 


0.036 


Butane plus 


0.031 


.0.019 


0*019 


Other 
components 


Balance 


Balance 


Balance 
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Table 2. Data on overhead stream removed from top of the 
scrub column through conduit 12. Please note that the 
flow rates are larger than the flow rates in conduit 3, 
because of the internal recycle. 



stream ±z 


iiiXampxe j., 
wot accoruing 
to the 
lnvenLion 


CjXauipie ^ , 

Hccoraing to 
the invention 


iijxamp±e 
/iccoraing to 
the invention 


jxioxar now 

laic 


O.. / J? 


O • D H 




jxiass now 


1 

X D O 


1U1 


1 


Temperature 


-19 


-23 


-18 


ri coo ui e 


5 6 


5 6 


6 0 


Molar 

composition 








Methane 


0.852 


0.871 


0.897 


Ethane 


0.080 


0.078 


0.070 


Propane 


0.064 


0.043 


0.022 


Butane plus 


0.003 


0.006 


0. 001 


Other 

components 


Balance 


Balance 


Balance 
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Table 3, Data on reflux supplied through conduit 22 to 
top of the scrub column 6. 



Stream 22 


Example 1, 
Not according 
to the 
invention 


Example 2, 
According to 
the invention 


Example 3, 
According to 
the invention 


Molar flow 
rate 


1.57 


0.17 


0.08 


Mass flow 
rate 


40.5 


4.05 


1.81 


Temperature 


-43 


-48 


-54 


Pressure 


5.6 


5.8 


6.0 


Molar 

composition 








Methane 


0.571 . 


0. 650 


0.720 


Ethane 


0. 176 


0.170 


0.155 


Propane 


0.241 


0.152 


0.078 


Butane plus 


0.001 


0.027 


0.005 


Other 

components 


Balance ! 


Balance 


Balance 



Table 4 . Data on reflux supplied through conduit 23 to 
top of the stripping section 7 in .the scrub column 6. 



Stream 23 


Example 1 , ■ • 
Not according 
to the 
lnvenLion 


Example 2, 
flccocaing 10 
the invention 


Example 3, 
Accoiuing to 
the invention 


Molar flow 
rate 


Not 

applicable 


1.54 


1.46 


Mass flow 
rate 


Not . 

applicable 


3. 68 


3.31 


Temperature 


Not 

applicable 


-48 


-54 


Pressure 


Not 

appx icaoxe 


5.8 


6.0 


Molar 

composition 








Methane 


Not 

appiicaDie 


0.650 


0.720 


Ethane 


Not 


0. 170 


0.155 


Propane 


Not 

applicable 


0.152 


0.078 


Butane plus 


Not 

applicable 


0.027 


0.005 


Other 
components 


Not 

applicable 


Balance 


Balance 
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Table 5- Data on hydrocarbon liquid supplied through 
conduit 25 to top of the scrub column 6. 



Stream 25 


Example 1, 
Mot arcordincr 
to the 
invention 


Example 2, 
Accordina to 
the invention 


Example 3, 
Accordina to 

* A -A— VA _A- A A \M V-*/ 

the invention 


Molar flow 
rate 


Not 

3 do 1 i cabl e 


Not 

applicable 


0.12 


Mass flow 
rate 


Not 

a^/y -L a -L ^ 


Not 

aooli cable 

«JL *A» k#<4 ^ v^. 


7.9 


Temperature 


Not 

nn 1 "i rahl P 

CLKJh-s -i- -L CLX~J JL 


Not 

aoDlicable 


-33 


Pressure 


Not 

nr-jn l -J cable 


Not 

aooli cable 


6.0 


Molar 

coinposiL.iuii 








Methane 


Not 

annl "i f^V^l #a 

Ct^JJ J — L UuUXC 


Not 

anolicable 


0.00 


Ethane 


Not 

applicable 


Not 

applicable 


0.00 


Propane 


Not 

applicable 


Not 

applicable 


0.00 


Butane plus 


Not 

applicable 


Not 

applicable 


1.00 


Other 
components 


Not 

applicable 


Not 

applicable 


0.00 
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Table 6. Data on the gaseous product stream removed 
through conduit 20. 



Stream 20 


Example 1, 

Kfr*t* arrnrHi nn 

lllUL d v>> ^ w J- -Lily 

to the 
invention 


Example 2, 

Arrnrrii nn to 
the invention 


Example 3, 
the invpnf i nn 


Molar flow 

>- 4- q 
id LC 


7.196 


6.927 


6.852 


rid. o o i J.uw 

y~ P\ t* o 
j_ a v3 


128 


120 


109 


X C?1LI^ v7 J- CI U UX 


-43 


-49 


- 5 4 " 


p ye* c c?ii rp 

it J_ oouj. 


5 . 3 


5.5 


5.7 


Molar 

composition 








Methane 


0.913 


0.925 


0. 937 


Ethane 


0.059 


0.055 


0. 051 


Propane 


0.02 6 


0.017 


0.009 


Butane plus 


0.0009 


0.0011 


0. 0015 


Other 
components 


Balance 


Balance 


Balance 
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Table 7. Data on liquid fraction of the feed gas that is 
removed from the bottom of the scrub column 6 through 
conduit 10. 



Stream 10 


Example 1, 
Not according 
to the 
invention 


Example 2, 
According to 
the invention 


Example 3, 
According to 
the invention 


Molar flow 
rate 


0-70 


0. 63 


0.99 


Mass flow 
rate 


27 


22 


36 

• 


Temperature 


-2 


-11 . 


-10.. 


Pressure 


5.6 


5.8 


6.0 


Molar 

composition 








Methane 


0.343 


0.401 


0.401 


Ethane 


0.108 


0.133 


0.133 


Propane 


0.208 


0.255 


0.218 


Butane plus 


0.341 


0.210 


0.247 


Other 
components 


Balance 


Balance 


Balance 



The results can be summarized in Table 8 by .comparing 
the content of hydrocarbons in the liquid stream that is 
removed from the bottom of the scrub column 6 . through 
conduit 10.. 
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Table 8. Composition. of the liquid stream removed 
through conduit 10, in per cent of the composition of the 
f ee< 3 supplied through conduit 1 (taking into account the 
absorption liquid supplied through conduit 25 in the last 
example) . 



Stream 10 


Example 1, 
Not according 
to the 
invention 


Example 2, 
According to 
the invention 


Example 3, 
According to 
the invention 


Methane 


3.5 


3-8 


5.8 


Ethane 


15 


18 : 


27 ' 


Propane 


44 


59 


78 


Butane plus 


97 


93 


94 



The above results illustrate the advantageous effect 
on the recovery of LPG-components of separating the 
reflux stream into two reflux streams, a first reflux 
stream being supplied to the top of the scrub column 6 
and a second reflux stream being supplied to the top of 
the stripping section 7. 
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TS 8585 EPC 

CLAIMS 

1. Method of removing LPG-components from a gaseous 
natural gas stream at elevated pressure to obtain a 
gaseous product stream having a reduced content of 
LPG-components, which method comprises the steps of: 

5 (a) cooling the natural gas stream; 

(b) introducing the cooled natural gas stream into the 
bottom of a scrub column that has a lower stripping 
section and an upper absorption section, each section 
containing at least one theoretical stage; 
10 (c) allowing natural gas to rise through the scrub 

column, and removing from the top of the scrub column an 
overhead stream; 

(d) partly condensing the overhead stream, and separating 
the partly condensed overhead stream into a gaseous 

15. . ." stream having a reduced content of LPG-components and a 
liquid reflux stream, and removing the gaseous stream as 
the gaseous product stream having a reduced content of 
LPG-components; 

(e) splitting the liquid reflux stream^ into a first 
.20 reflux stream and a second reflux stream; 

(f) introducing the first reflux stream into . the top of 
the absorption section of the scrub column; 

(g) introducing the second reflux stream into the top of 
the stripping section to strip the. desired light gaseous 
components; and 

(h) removing from the bottom of the scrub column a liquid 
bottom stream rich in heavier components. 

2. The method according to claim 1, which method further 
■ comprises introducing hydrocarbon liquid into the top of 

the absorption section. 
CS/TS8585PD 



THIS PAGE BLANK (uspto) 



- 16 - 

TS 8585 EPC 
A B S T R A C T 
REMOVING" LPG-COMPONENTS FROM A GASEOUS NATURAL GAS STREAM 

Removing LPG-components from a gaseous natural gas 
stream at elevated pressure to obtain a gaseous product 
stream having a reduced content of LPG-components 
comprises: 

(a) introducing cooled natural gas (3) into a scrub 
column (6) that consists of a lower stripping section (7) 
and an upper absorption section (8); 

(b) removing from. the scrub column an overhead 
stream (12) ; 

(c) partly condensing (14) the overhead stream (12),. and 
separating (17) the partly condensed overhead stream into 
a gaseous product stream (20) and a liquid reflux 
stream (21) ; 

(d) splitting the liquid reflux stream (21) into a first 
reflux stream (22) and a second reflux stream (23); 

(e) introducing the first reflux. stream (22) into the top 
of the absorption section (8) of the scrub column (6);. 
and ■ 

(f) introducing the second reflux stream (23) into the 
top of the stripping section (7), and removing from the 
bottom of the scrub column (6) a liquid bottom 

stream (10) rich in heavier components. 

(Figure) 
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